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Among them, tetrahalometallates with various organic counter cations have been the subjects of theoretical, 1 structural, 2 magnetostructural, 3, 4 spectroscopic studies. 5, 6 The synthesis, crystal structure and solid-state properties of four tertrabromocuprate(II) salts with pyridinium and N-methylpyridinium (n = 2, 3 and 4) as counter ions were carried out as a part of studies on hybrid organic/inorganic material based copper(II) halides by Luque et al. 7 and Setucha et al., 8 in which they show the influence of the organic cations (size, shape and position of the substituent group) on the packing interactions that governs the crystal organization. Luque et al. indicated that those organic cations connected to the halogen atom through the N-H·halogen-type hydrogen bond to form cation-anion-cation molecular units, and they were also held together by means of offset face-to-face interactions between the aromatic rings. 7 During the course of our studies to design and synthesize a novel tetrahalometallate, we found that the 1,3,5-trimethylpyridinium cation is a hopeful candidate as an organic cation of the salt, which has no N-H moiety. Thus, different from Luque et al. case, there should be no N-H·halogen type hydrogen bond to control the molecular arrangement in the crystal structures of the novel tetrahalometallates. However, only a few the crystal structures of the 1,3,5-trimethylpyridinium cation have been reported. In order to investigate the interaction between this organic cation and the halogen anion and the characteristic crystal structure of this kind of organic salt, we analyzed the crystal structure of (Fig. 1) .
The synthesis was carried out under a nitrogen atmosphere. 3,5-Dimethyl pyridine (2.14 g, 0.02 mol) was dissolved in 10 ml of ethanol, and then methyl iodide (4.32 g, 0.03 mol) was added to the solution. The mixture was heated to reflux at 80˚C for one hour to give a yellow crystal. Crystallographic data, experimental details and geometrical parameters are listed on Tables 1 and 2S, respectively. The 1,3,5-trimethylpyridinium cation is on a crystallographic mirror plane perpendicular to the c-axis, except for the methyl hydrogen atoms. Also, C3, N1, and C5 are on another crystallographic mirror plane (perpendicular to a-axis), which is perpendicular to the molecular plane and bisects the molecule. Thus, the pyridinium cation has C2v symmetry and a quarter of the molecule is unique. All methyl hydrogens consequently show a disordered structure by the mirror planes. The counter iodine anion is also on a section line of those two mirror planes (Wycoff letter c, symmetry m2m).
The molecular structure of the molecule is shown in Fig. 2 . Only one crystal structure report on the 1,3,5-trimethylpyridinium cation without any disorder is known in the Cambridge Structural Database (ver. 5.31 11 ). The geometry of the pyridinium cation is in good agreement with the known molecular structure in a metal-organic complex crystal at 150 K, 12 and with the expected structure. For example, the N-Me length of 1.493(6)Å is comparable with 1.483(3)Å in the literature, 12 indicating that there is no orientational disorder ofthe pyridinium cation relating a mirror symmetry bisecting the cation. 13 The crystal structure of the molecule is shown in Fig. 3 . In the crystal structure, iodine anions are on the same mirror plane on which the pyridinium cations locate, and one iodine is surrounded by three pyridinium cations and at on almost equal distance from them in the mirror plane (C1·I 3.832(4)Å and C3·I (1/2+x, -1/2+y, z) 3.932(5)Å). Also, the iodine contacts to the Me(N) groups of adjacent parallel mirror planes (C5·I (1/2x, 1/2-y, 1/2+z) 4.022(5)Å). In Luque's work, 7 the N·Br distances of the N-H·Br hydrogen bonds range from 3.27(1) to 3.57(1)Å, which are nearly equal to the sum of the van der Waals radii of N and Br (3.40 Å). On the contrary, the C·I distances of C-H·Iin this study (3.832(4) and 3.932(5)Å) are longer than the sum of the van der Waals radii of C and I (3.68 Å), and are partially supported by the electrostatic force. This kind of interactions between the N-Methyl group and the halogen atom are weaker than the N-H·halogen-type hydrogen bonds, but they would provide a significant contribution to stabilize the crystal structure of a new tetrahalometallate. The pyridinium cations are stacked along the c-axis, and the interplanar distance is 3.497 Å, which is half of the c-axis length (Fig. 4S) . As for the aromatic interactions, the nearest interatomic distance between the pyridinium cations is 3.5268(7)Å (C1·C2 (x, -y, -1/2+z)), showing a weak p·p interactions are also expected, which would be the other factor of crystal structure stabilization. The probability of the ellipsoid is at the 50% level. Methyl hydrogen atoms are disordered due to the C2v molecular symmetry. Atom names with "a" label are generated by the 1-x, y, z symmetry operation. Fig. 3 Crystal structure of the molecule viewed along the c-axis. Hydrogen atoms are omitted for clarity.
